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1 Introduction 



Although the first appearance of D-branes is dated by late 80th [JJ [2j O 0] , their special role in 
String/M-theory was widely appreciated in middle 90th when it was found that Dp-brane carries 
RR (Ramond-Ramond) charges i.e. interact with the antisymmetric tensor gauge fields C p +i, C p _i, 
. . ., with respect to which the fundamental strings is neutral [5j. It was quickly understood that 
the low energy dynamics of multiple Dp-brane system is described by the maximal supersymmetric 
d = p + 1 gauge theory with the gauge group U(N) in the case of N D-branes (Sj. Already 
this limit was quite productive [7] and, in particular, allowed the conjecture of M(atrix) theory 
that the Matrix model [8] considered as a theory of multiple DO-brane system, could provide a 
nonperturbative treatment of the M-theory. 

The complete nonlinear supersymmetric action for a single Dp-brane was constructed in [9] for 
p = 2 and in [10J for general pa It contains the nonlinear Dirac-Born-Infeld (DBI) term [6j EJ [TT] 
and the Wess-Zumino (WZ) term describing the coupling to RR gauge fields [12]. Even before the 
general actions were constructed in [10], the superembedding approach [16] was developed for the 
case of Dp-branes in [13] where it was shown that that the supersymmetric equations of motion can 
be obtained in its frame starting from the basic superembedding equation (see belowjE For the 
discussion in this letter it will not be excessive to notice that similar story happened with M5-brane: 
its equations of motion had been derived in [17], in the frame of superembedding approach, before 
the covariant and supersymmetric action was constructed in |18| . 

As far as the nonlinear action for multiple D-brane systems is concerned, it was expected that 
this should be described by some non-Abelian generalization of the DBI plus WZ action. Tseytlin 
proposed to use the symmetric trace prescription to construct the non-Abelian DBI action for the 
case of purely bosonic spacetime filling D-brane |19[ [TT] . 

Although the search for a supersymmetric generalization of such non-Abelian DBI action has 
not been successful, in 1999 Myers used it as a starting point and applying a chain of dualities, 
derived the so-called 'dielectric brane action' [20] which is widely accepted for the description 
of multiple D-brane system. This action, however, does not possess neither supersymmetry nor 
Lorentz symmetry. In spite of a number of attempts, its Lorentz covariant and/or supersymmetric 
generalizations is not known in general, although some progress was reached for the cases of low 
dimensions D, low dimensional branes and low co-dimensional branes [21 ] 122 1 l2"3"fi 

As far as the superembedding approach shown its efficiency in derivation of Dp-brane and M5- 
brane equations, it looks natural to apply it in the search for equations of motion for the multiple 
Dp-brane system. In this letter we describe the results which this procedure gives for the simplest 
case of multiple DO-brane system. 

We begin by a very brief review of superembedding approach to single Dp-branes for arbitrary 
p, with particular emphasis on DO-brane case, which provides a technical basis for our study. 
Then we argue in favor of the idea to search for the description of multiple Dp-brane systems by 
trying to define a possible nonlinear generalization of the non-Abelian SYM multiplet by some 
set of constraints on the Dp-brane worldvolume superspace 

w (p+i|16)_ xhe em bedding of this 
worldvolume superspace with d = p + 1 bosonic and 16 fermionic directions into the type II target 
superspace £( 10 l 32 ) is determined by the so-called superembedding equation and, in the case of 
higher branes (p > 6 |32j). also by constraints on the Abelian SYM gauge field characteristic of 
Dp-brane. We argue that the use of these constraints is useful also for a lower p cases. 

Then, turning to the case of multiple DO-brane, we propose the d=l M = 16 SYM constraints 

2 To be more precise, the actions of [5] [TO] are complete modulo higher derivative corrections. 
3 The complete form of the Dp-brane equations of motion can be found in |14j and [15] . 

4 Notice also very interesting minus one quantization approach using string with boundary fermions proposed in 
[24] . The name 'minus one quantization' is suggested by that, to reproduce Myers action in this scheme, one has to 
perform the quantization of these boundary fermion sector. We comment more on this approach in the concluding 
section. 



which express its field strength in terms of a nanoplet of su(N) valued superfields X J obeying 
a superembedding-like equation D Q X l = 4i(<r 0l \l/) Q . The leading component of this superfield, 
appearing in the expression for the dimension 1 (spinor-spinor) field strength of the SU(N) gauge 
superforms, G a p = o^X*, describe the relative motion of N DO-brane constituents of the system. 
We show that they produce a nonlinear equations of motion, which, in the case of flat target 
superspace, describe a non-Abelian D=10 SYM dimensionally reduced to d = 1 (the system which 
is used to define the Matrix model). However, the superembedding approach is also able to produce 
multiple DO-brane equations in an arbitrary type IIA superspace supergravity background (and it 
is not clear how to reproduce these equations just by SYM dimensional reduction). We analyze the 
general algebraic structure of the bosonic equations of motion for the multiple DO-brane in general 
type IIA supergravity background, as follows from superembedding approach, and show that these 
describe the Myers 'dielectric brane' effect of polarization of multiple Dp-brane system by external 
higher form fluxes, i.e. shows the coupling of multiple DO-brane system to the higher form gauge 
fields, which do not interact with a single DO-brane. We conclude by discussion on our results and 
interesting directions for future study. 

1.1. Basic notation. Our notation are close to one in |25j . We denote the type II superspace 
coordinates by Z— = (x M , 9-) (/x = 0, 1, . . . , 9, a = 1, . . . , 32) and supervielbein form by 

eA .= dz-EM^(z) = e*) , £*={ g ^ ; %\ f f ° o r r f y p p e e u n A B (i.i) 

(a = 0, 1, . . . , 9, a = 1, . . . , 32). These are restricted by the set of supergravity constraints the most 
essential of which are collected in the expression for the bosonic torsion two form. For type IIA 
case these are 

T- := DE- = -i{E l A o^E 1 + E 2 A d±E 2 ) , (1.2) 

while the constraints for type IIB superspace is obtained from (jl.2|) by omiting tilde (replacing 
cr» Dy g-o. in the seconc i term - m tne brackets, T- := DE^- = -{(E 1 A a^E 1 + E 2 A a^E 2 ). Here 

a- := cr^g = cr| Q and a & '■= cr« = °& > are D = 10 Pauli matrices which obey a-a- + a-a- = 2rj—. 



2 Superembedding approach to a Dp-brane. 
2.1 Worldvolume superspace W/( p+1 l 16 ) 

Following the so-called doubly supersymmetric twistor-like approach to superparticles and super- 
strings [261 EH 128^1 the superembedding approach [16j [131 El (111 EHl [25] describes the dynamics 
of super-p-brane in terms of embedding of a worldvolume superspace into the target superspace. In 
the case of D=10 Dp-branes (Dirichlet super-p-branes) the worldvolume superspace 

W(p+i|i6) has 

d = p + 1 bosonic and 16 fermionic dimensions. We denote the local coordinates of yy( p+1 l 16 ) by 
(-M = (f"» jt/ a) ( m = 0,1, ..,p, a = 1,...,16) the embedding of W^ p+l ^ into the D = 10 type II tar- 
get superspace S^ 10 ' 32 ) can be described in terms of coordinate functions Z—{Q) = {x—{Q , 9—(C)), 

W (p+l\16) £ S (10]32) . Z M = gM^Q = ( £ m(Q ^ ^ ^ 



2.2 The superembedding equation 

A particular beauty of the superembedding approach is that, for all known super-p-branes, the em- 
bedding of the worldvolume superspace into the target superspace is characterized by a universal 



5 See [29] for the review and more references. 



equation which is called the superembedding equation. This geometrical equation (the name 'ge- 
ometrodynamic equation' was used in |28j ) restricts the coordinate functions Z—(() and, in some 
cases, completely determines the dynamics of superbrane. 

To write the most general form of this superembedding equation let us denote the supervielbein 
of W^ p+1 l 16 ) by 



A = d( M e M A (0 = (e a , e a ) , a = 0,1,...,?, a = 1, . . . , 16 , (2.2) 



and write the general decomposition of the pull-back of the supervielbein of target type II super- 
space, E— := E—(Z) on this basis, 



EA := E^(Z) = dZ^EM A {Z) = e b E b ~ + e a E a A . (2.3) 

The superembedding equation states that the bosonic supervielbein form has zero projection on 
the worldvolume fermionic supervielbein form. This is to say, it reads 



V a :=e^(()d M , ( M = (C,V & )- (2-4) 
It can be also presented in an equivalent form of 

& := EHlJ = , (2.5) 
where u£ = u a(C) are (9 ~ p) spacelike, mutually orthogonal and normalized 10- vector fields, 

u i u <ii = s ij . (2.6) 



Eq. (|2.5p means that they are orthogonal to the worldvolume superspace. We can complete thier 
set till moving frame by adding d = (p + 1) mutually orthogonal and normalized D- vector fields 
u a = u a(C) which are tangential to the worldvolume superspace, 

u|u^ = 0, ulrf^ul = i] ab , 0,6 = 0,1,...,?, a , b = 0, 1, . . . , 9 . (2.7) 

The statement that u a b vectors are tangential to the worldvolume superspace implies that their 
contraction with the pull-back E- of the target superspace bosonic supervielbein E— provides us 
with a set of d = (p+ 1) linearly independent nonvanishing one-forms, which can be used as bosonic 
supervielbein of the worldvolume superspace, 

E a := eKl£ = e a . (2.8) 

This e a is referred to as induced by the (super)embedding. Eqs. (12. 8j) and (12. 5ft implies 

= e\- . (2.9) 

This is one more equivalent form of the superembedding equation. 

The fermionic supervielbein form e a of the worldvolume superspace VK(p +1 I 16 ) can also be in- 
duced by superembedding. When describing Dp-branes, it is convenient to identify e a with the 
pull-back to jy( p+1 ' 16 ) of, say, the first of two target space fermionic supervielbein forms 

e a = E al . (2.10) 

Then the general decomposition of the second fermionic supervielbein form reads 

E 2 a = e^hf3 a + e a Xaa for II A case (2 11) 

E a2 _ e P h/3 a + e a x a j Qr jj B cage ■ \ • ) 



As far as the induced spin connection and normal bundle connections are concerned, it is 
convenient to write the definition of the connections using the SO (1,9) x SO(l,p) x SO(9 — p) 
covariant derivative action on the moving frame vector, [16], 

Du k a = u k l n ai , Duj = u ka n ai . (2.12) 

Both equations in (|2.12[) involve the covariant 1-form £l at which describes extrinsic geometry of 
W(p+i|i6) embedded into the type IIB superspace and provides the supersymmetric (and superform) 
generalization of the so-called second fundamental form of the classical surface theory (see |16j for 
more discussion). 

The selfconsistency condition for the superembedding equation Eq. (|2.5f) gives, in particular, 
an algebraic equation for the spin tensor h in (|2.1ip . For type IIA it reads 

hc£h T ui = -aW ■ (2.13) 

while for type IIB it is given by ha-h T Ub = —o~-Ub (again a- \— * a- rule). 



2.3 Constraints for the worldvolume gauge field. 

The constraints for the worldvolume gauge field strength of the Dp-br&ne have the universal form 

F 2 := dA - B 2 = ±e b A e a F ab , (2.14) 

where B 2 is the pull-back to the worldvolume superspace w(p +1 I 16 ) of the type IIB NS-NS superform 
potential B 2 . The field strength of this is restricted by the constraints which, for type IIA case, 
can be collected in the following differential form expression 

H 3 :=dB 2 = -iE±A(E 1 AaaE 1 -E 2 AdaE 2 )+ -^>A^A^ff aaS) . (2.15) 

The lowest dimensional (dim 2, oc e 7 A e@ A e a ) component of the Bianchi identities 

dF 2 = -H 3 (2.16) 



implies 



ha±h T u k a = a^u t c k c a for IIB , h , lcb 

ha b -h T u b a = a b -u b c k c a for IIA , K '~ (?? + F)ac{v " F) ' ' (2 ' 17) 



Notice that this equation relates the spin-tensor h, appearing in the decomposition of the pull-back 
of fermionic vielbein, and the gauge field strength F a b- One can easily check that the matrix k 
constrcuted from F a b as in (|2.17p is SO(l,p) group valued, i.e. it obeys krjk T = r\ [31] IT5] . 

k = ( v + F)(i] - F)- 1 G 50(1,9). (2.18) 

Further study shows that the system of superembedding equation plus the worldvolume gauge 
field constraints (12.140 always contain the dynamical equations among their consequences (and for 
p < 6 Dp-branes [32J the superembedding equation along suffice for this purposes). However, the 
details of derivation are p-dependent so that we turn now to the case of DO-brane which is of our 
main interest here. H 



This is the place to note that the off-shell worldline superfield formulations of massive N = 2 superparticles in 
D — 2, 3 and 4, which are the lower-dimensional (and lower supersymmetric) counterparts of a single DO-brane, were 
first considered in |27] . 



3 DO-brane in superembedding approach 



In the case of DO-brane there are nine spacelike directions orthogonal to worldline and the tangent to 
the worldline gives a time-like directions, so that the corresponding moving frame vectors (u a ° , u£) 
obey 

u„V° = 1 , uX° = , ulvP = -5 ij . (3.19) 

The worldvolume superspace W^ 1 ! 16 ) has only one bosonic direction, e a i— ► e° and the superembed- 
ding equation can be written as (see (|2.9p ) 



m = e°n - , (3.20) 

while the fermionic supervielbein forms read (see (I2.10p ) 

E al = e a , El = e% a + e° Xa . (3.21) 

It is convenient to write the selfconsistency conditions for the superembedding equation (|3.20j) in 
the form of 

ho^hF = -a 1 . (3.22) 

using the simplified notation 

b i b i (o no\ 

<J c t /3 ■= Vap U b > a a(3 : = °"a/3 U & ■ ( 3 - 23 ) 

These are suggestive as far as the matrices ()3.23|) and cr^ := d~^gUb°, o % a ^ := o^purf do possess the 
algebraic properties of D=10 Pauli matrices. However, one should keep in mind that they are not 
constant matrices but rather obey 

Da° n = a*n* , Da\ = a n* , (3.24) 

where 0* is defined in p. 121) . In this notation the the general solution of Eq. (|3.22p reads 

Kp = a% . (3.25) 

This is the place to comment on the worldvolume gauge field constraints for the DO-brane case 
(worldline gauge field). For the p = the r.h.s. of Eq. (|2.14|) clearly vanishes so that the constraints 
read Fi := dA — B2 = and the Bianchi identities (|2.16p simplify to #3 = 0. Their only nontrivial 
consequence reads 

ha°h T = a . (3.26) 

Eq. (|3.26p is satisfied identically by the general solution (|3.25p of Eq. (|3.22p . This shows that 
the gauge field constraints in the case of DO-brane are dependent, which is in agreement with the 
known statement that the superembedding equation alone is sufficient to describe dynamics in this 
case. On the other hand, using both (I3.22p and (|3.26p . one finds the solution (|3.25p immediately, 
much easier than using only (|3.22[) ; this illustrates that the use of the superspace constraints for 
the worldvolume gauge fields (|2.14p is helpful also in the cases when the superembedding equation 
is sufficient to describe the brane dynamics. 

Another consequence of the selfconsistency conditions for the superembedding equation (13.20|) 
is that Q l in (|3.24p is expressed by 

0* = e ° K l - 2ie l3 (a°a i x) f3 (3.27) 



in terms of fermionic superfield Xa = Eo a and bosonic superfield 

K l := -<D ^f , B% := V Z^Em_HZ) . (3.28) 

This latter has a meaning of mean curvatures of the DO-brane (super)worldline in target type IIA 
superspace. The bosonic and fermionic equations, which can be now obtained from the selfconsis- 
tency condition for the fermionic conditions (|3.2ip . are formulated in terms of these superfields. In 
flat target superspace the equations of motion imply vanishing of both Xa an d K l , 

Xa := E 2 a = , K* := = . (3.29) 

In general type IIA supergravity background the fermionic equations of motion acquires the r.h.s. 

Xa := E 2 a = A a (3.30) 

defined by 

A a := (Ax - A 2 a°) a , A al := §(A»i$) , Af := § (D% $) , (3.31) 

in terms of pull-backs of the Grassmann derivatives of the dilaton superfield. The origin of this 
r.h.s. is nonvanishing fermionic torsion of the target type IIA superspace |30j 

T al = -2iE al A E^Ap! + iE 1 a^ A E 1 af A pi + oc E^ , 
T 2 = -2iE 2 a A El Af + iE 2 da A E 2 a% Af + a E b - . (3.32) 

The bosonic equation for DO-brane in general supergravity background reads 

K* := -vlDoifi = ±a iaP (t a p - D a A p ) + ^(A 2 o- 0i Ai) = 

= e^R° l + D*$ + 0(fermi 2 ) , (3.33) 



where t a/3 = [T al a 2 p + a^T^ap - T aia S1 ^sp ~ a a 1 T 2 a 1<J °&p ) u ~ - To arrive at the second line of 
Eq. (|3.33p . written explicitly up to the fermionic contributions, one has to use also the explicit 
expressions for D a Ap and dimension 1 component of fermionic torsions in terms of the background 
fluxes; these can be extracted from the results of [30J (see also 



4 Multiple DO-brane equations from superembedding approach. 

It is the usual expectation that the action for a system of N Dp-branes will essentially be a non- 
linear generalization of the U(N) SYM action. In particular, the (purely bosonic and not Lorentz 
invariant) Myers action [20] is of this type. Then the equations of motion which should follow from 
a hypothetical supersymmetric and Lorentz covariant generalization (or modification) of this action 
are expected to contain the SU(N) SYM equations (U(N) = SU(N) x U(l)) while the center of 
mass motion is expected to be described by a usual type of coordinate functions Z— (£) and by 
related equations for the U(l) gauge fields (presumably coupled to the SU(N) equations). Notice 
that the center of mass equations of motion (and equations for U(l) gauge fields which is expected 
to be involved in the center of mass supermultiplet) are expected to be quite close to the equations 
for a single Dp-brane, but with the single brane tension T replaced by NT. Our task now is to 
apply the superembedding approach in search for such supersymmetric equations in the simplest 
p=0 case. 



4.1 Non-Abelian J\f = 16, d = 1 SYM constraints on DO-brane 



First, as far as the superembedding description of one brane is based on super embedding equation 
stating, in its form of (|2.4p . that the pull-back of the target space bosonic vielbein to the worldvol- 
ume superspace W^ 1 ' 16 ^ do not have projections on the fermionic vielbein of W*- 1 ' 16 ^, it is natural 
to expect that the center of mass motion of the system of multiple DO-brane will also obey the 
superembedding equations 0. 

As far as the superembedding equation puts the DO-brane model on the mass shell, our superem- 
bedding approach to NDp-brane model predicts that the center of mass motion will be described 
by the equations of motion of single brane with tension N • T. (In the case of DO-branes, i.e. D- 
particles, T has a meaning of the particle mass). Then, in the light of the above discussion, the only 
possibility to describe the multiple DO-brane system in the framework of superembedding approach 
seems to be to consider a non-Abelian SU(N) gauge field supermultiplet on the DO-brane worldvol- 
ume superspace W^ 16 l (See [25] for more discussion in the context of searching for hypothetical 
Q7-branes [33].) 

This can be defined by an su(n) valued non-Abelian gauge potential one form A = e° 'Ao + e a A a 
with the field strength 

G 2 = dA - A A A = ^e a A e p G a p + e° A ePGpa (4.34) 

To get a nontrivial consequences for the structure of the field strengths G a p, Gpo one has to impose 
constraints. A natural possibility is 

G a p = ia^T , (4.35) 

with some su(N) valued 50(9) vector superfield X\ The Bianchi identities DG 2 = dG 2 — G 2 A 
A + A A G 2 = are satisfied if X* obeys 

D a T = 4i(a°a% /3 ^ . (4.36) 

and G a o = i^ a + |(c A) a X\ It is natural to call (|4.36[) superembedding like equation as it gives 
a non-Abelian SU(N) generalization of the gauge fixed form of the linearized superembedding 
equation (this reads D a X { =oc (ct^G 2 - Q^a, see [□]). 

4.2 Multiple DO-brane equations of motion from d = 1 JV = 16 SYM constraints. 
Flat target superspace. Relation to D=10 SYM and M(atrix) model. 

Let us, for simplicity, consider the case of flat target type IIA superspace, in which, on the mass 
shell of DO-brane, Q l = 0, so that cr^g and a l a p are covariantly constants, Da^p = = Da l a p. In 

this case the integrability conditions for Eq. (j4.36j) (D^D a -jlC = ...) result in 

D a * p = 4<^oX* + i^[X\X^] (4.37) 
and the integrability conditions for Eq. (|4,37|) . result in Id Dirac equation of the form 

D ^ f3 + l[(a°^)p,X j }=0. (4.38) 

7 Of course, this is not a proof. But the universality of the superembedding equation, which is valid for all extended 
objects studied till now in their maximal worldvolume superspace formulations, and the difficulties one arrives at in 
any attempt to modify it suggest to believe in its necessity. Finally, if a modification of superembedding equation 
more appropriate do describe multibrane systems were found, we hope that our present study would be useful in 
search for such a hypothetical modification. 



Applying the Grassmann covariant derivative D a to the fermionic Eq. (j4.38|) . one derives, after 
some algebra, the following set of equations 

D D T - , X J ] , X J ] + l -{^ a ,^p}d^ = , (4.39) 

[Do^X] - Ai{^ a , V p } a 0af3 = . (4.40) 

Eq. (|4.39p is a candidate bosonic equation of motion of multiple DO-brane system. Eq. (|4.40p has 
the meaning of Id Gauss low; this appears in gauge theories as an equation of motion for the time 
component of gauge potential (which usually plays the role of Lagrange multiplier). 

The appearance of the counterpart of Gauss low (|4.40p . characteristic of gauge theory, is not 
occasional. The point is that our equations appear to be the D = 10 SYM equations dimensionally 
reduced to d = 1. The reason beyod this is that our constraints (|4.35p for d = 1, M = 16 SYM 
multiplet on the flat d = 1 M = 16 superspace (as appears to be the worldvolume superspace of 
DO-brane when embedded in flat type IIA superspace) can be obtained as a result of dimensional 
reduction of D = 10 supersymmetric gauge theory. Indeed, the D = 10 SYM constraints imply 
vanishing of spinor-spinor component of the field strength, ¥ a p : = 2D( a A ( g- ) + {A Q , A^} — 2icr^A„ = 
0. Assuming independence of fields on the nine spacial coordinate, one finds that spacial components 
Aj of the ten-dimensional field strength are covariant and can be treated as scalar fields Aj = 1/2X\ 
Then the minimal covariant field strength for d = 1 SYM can be defined as G a p := 2~D^ a A^ + 

{A a , Ap} — 2zcr^Ao and, due to the original D=10 SYM constraints, this is equal to ia l l€, as in 
Eq. HQS) . 

The above observation is important, in particular, because it indicates the relation with Matrix 
model [8J. Indeed, this is described by the Lagrangian obtained by dimensional reduction of the 
D = 10 SYM down to d = 1 [8j. Actually, the d = 1 dimensional reduction of the D = 10 SYM 
was the first model used to describe DO-brane dynamics in [7] even before the complete action for 
super-Dp-branes where constructed in [TO] . 

To resume, for the multiple DO-brane system in flat target type IIA superspace the worldvolume 
superspace W^l 16 ) is flat and our superembedding approach results in equations which are equiva- 
lent to the ones obtained as a result of dimensional reduction of D=10 SYM and coincide with the 
Matrix model equations. However, it can also be used to describe the multiple DO-brane system 
in curved supergravity background, where the way through 10D SYM dimensional reduction is 
obscure. 

5 Multiple DO-branes in curved type IIA background. Polariza- 
tion by external fluxes. 

In the case of worldvolume superspace of DO-brane moving in curved target type IIA superspace 
the calculations become more complex due to the presence of bosonic and fermionic background 
superfields. For instance, instead of (|4.37p . one finds 

D a ^p = -\a\p + i^'P , W] + A^Ex^ + (k 2 <y\^ s ^ 5 a p (5.41) 

with spin-tensors Ei^^a/j possessing the properties a— s a ^x,2 €S oiP °c a— p e and -D 7 E lj2 e< ^ ' a p oc A. 
We will not need an explicit form of these (we leave this and other details for future publication 
|34j ) as our main interest here will be in the algebraic structure of the bosonic equations of motionH 

8 The fermionic equations of motion in the presence of fluxes have the structure of 

| (A)* - |[X l , (a 01 *)]) = ( e *£ 0i + J D^.)(a 01 *) - ±a ok (-^R^ - Rt^a^ a ofc * + 



Up to the fermionic bilinears proportional to the fermionic background fields these read 

D D T - , X j ] , X j ] + U* a , typ} d*** = D W + 1[X J , X k ] + (5.42) 

32 8 lb 

+0(A lj2 • *) + 0(Ai, 2 • A 1)2 ) , 

The SO (9) tensors ¥^' 1 and & k ' 1 in the r.h.s. of (|5.42j) are expressed in terms of fluxes by 

¥ j,i = q D^5 ij + Pl R ij + q 2 H 0ij . (5.43) 
G jk > 1 = Po 5 l[j D^> + qi 5 i[j R k]0 + P2 H ijk + q 3 R 0ijk , (5.44) 

where go, 1,2, 3 and Po,i,2 are constant coefficients characterizing couplings to dilaton as well as to 
electric and magnetic fields strength of 1-form, 2-form, 3-form gauge fields. 

Notice that the center of mass motion is factored out and is described by the single DO-brane 
equations (|3.33j) . 

K* := DqDqP + ... = e®R 0i + Z>5> + (D{fermi 2 ) , (5.45) 

(X 1 := Z M E| f (Z)ua i = X^uJ + ...). Comparing this with Eq. (^I2|) we see that the multiple D0- 
branes, as described by this equation, acquire interaction with higher form 'electric' and 'magnetic' 
fields H 0i i := H^{Z)vP^^vP , H^ k := H^(Z)vPu^u^ k , R 0i i k := R abcd (Z)u^u^u^u^ k . As 
one DO-brane does not interact with these background, one may say that the multiple DO-brane 
system is 'polarized' by the external fluxes such that the interaction with higher brane gauge fields 
is induced, much in the same way as neutral dielectric is polarized and, due to this polarization, 
interacts with electric field. This is the famous 'dielectric brane' effect observed by Myers in his 
purely bosonic nonlinear action [20] which, thus, is observed also for the DO-brane equations which 
have been obtained from the superembedding approach. 

6 Conclusions and discussion 

In this letter we have reported the results of application of superembedding approach to the search 
for multiple DO-brane equations. For the case of arbitrary (on-shell) type II supergravity back- 
ground the dynamical equations obtained from the superembedding approach describe the coupling 
of multiple DO-branes to the higher NS-NS and RR fluxes (H 0i i , H^ k and R 0i i k ). Thus our equa- 
tions of motion imply the 'polarization' of multiple DO-brane system under external higher form 
fluxes which makes them behaving like dipoles of charges characteristic for higher Dp-branes. This 
is the content of the so-called 'dielectric brane effect' |20j characteristic for the (purely bosonic) 
Myers action [20]. Further study of these equations and of possible restrictions which they might 
put on the embedding of multiple DO into a given supergravity background and on their interaction 
is an interesting problem for future study. 

In the case of flat tangent superspace, when the background fluxes vanish, the d=l, N=16 
worldvolume superspace of DO-brane is flat and the dynamical equations for the relative motion of 
DO-brane 'constituents', which follows from the superembedding approach, are those of the D=10 
SU(N) SYM dimensionally reduced down to d = 1. They, thus, actually coincide with what had 
been used for the very low energy description of multiple DO-brane system [7] and with the Matrix 
model equations [8]. 

The purely bosonic limit of our equations is clearly simpler than the equations of motion follow- 
ing from the Myers action [20] . In this sense, the suggestion of the superembedding approach is that 

+^# w V°VV 0fc '5 + D T (ai/'Ai + a 2 a l A 2 ) + ^[X\ X J '] (bia ij Ai - 6 2 a Wj A 2 ) + 0(A 1>2 ■ L, 2 ■ *) 
with some constants ai, 2 and 61,2 - 



this simpler equations, together with the single DO-brane equation describing the center of mass 
motion, actually give the 'complete' description of the multiple DO-brane system. The advantage of 
this description is that it is supersymmetric and also Lorentz and diffeomorphism covariant, while 
the Myers proposal [20] possesses neither of these symmetries expected for a system of coincident 
Dp-branes. Furthermore, as we have already stressed, our super embedding approach alsoprovides 
the completely supersymmetric and covariant description of the 'dielectric brane effect'. □ 

Another important problem for future study is to understand the relation of our results to the 
model in [22]. As far as our arguments in support of superembedding equation describing center 
of mass motion of the multiple DO-brane system cannot be considered as a rigorous proof, if a 
modification of the superembedding equation resulting in a more complicated interaction of D0- 
constituents did exist, a deeper understanding of the above interrelation might suggest the way to 
obtain it; in this hypothetical case our present study would provide a basis for such a hypothetical 
modification^ 

Notice that a modified superembedding equation does appear in the boundary fermion ap- 
proach of [23]. However, this happens for the superembedding equation describing the embed- 
ding of a worldsheet superspace \\?(p +1 \ 16+2N ') enlarged, to describe the 'classical' counterpart of 
multiple Dp-brane system but not just a single Dp-brane, by 2N additional fermionic directions, 
into the standard type II superspace j]( 10 ' 16+16 ), and the nonvanishing r.h.s. in the counterpart 
of (|2.5p . E % = e a Xa t , happens to be proportional to the new fermionic supervielbein forms e a 
(a = 1, . . . ,2N) corresponding to the new boundary fermion directions of y\?(P +1 \ 16+2N \ This, 
hence, cannot be used as a suggestion in our case, when the boundary fermions are not used. 

This is the place to make a more general comment on the the approach of [24] and to stress 
that our conclusions are not in contradiction with this work. In the second of the articles [23] a 
prescription was formulated how to reproduce the Myers action from a specific boundary fermion 
action. Basically it consists in i) fixing some specific gauge on an additional component of gauge 
potential related to the boundary fermion directions and, then, ii) replacing Poisson brackets by 
commutators and boundary fermions by matrices. However, in distinction to the original boundary 
fermion action, the result of this prescription appears to be, besides purely bosonic, also non- 
covariant with respect to diffeomorphisms and Lorentz symmetry. A prescription of quantizing the 
boundary fermion in such a way that to reproduce supersymmetric and Lorentz and diffeomorphism 
covariant result is not known. In our opinion this problem, noticed already in the original articles 
|24j . might be related with an attempt to quantize only the boundary fermion sector leaving the 
center of mass degrees of freedom classical. A complete quantization of the dynamical system [24J, 
which provides a fine classical (or 'minus one quantized') description of the dynamical system, 
should clearly result in an effective action describing, besides D-branes, also supergravity degrees 
of freedom interacting with them. The question whether it is possible to make a quantization of a 
part of degrees of freedom and to arrive at a covariant and supersymmetric description of multiple 
D-brane system in this context is similar to the question of existence of multiple D-brane action 
(without extra degrees of freedom), which was the motivation of our present study. 

To conclude, as we have shown in this letter, the lowest dimensional, p = 0, multiple Dp-brane 

9 The Myers action was (and is) motivated by that it is derived from T-duality. But let us stress that the starting 
point for the corresponding chain of duality transformations is the purely-bosonic D=10 non-Abelian Born-Infeld 
action based on the symmetric trace prescription [TT| , and that supersymmetric generalization of these 10D symmetric 
trace BI action is not known, and its existence can be doubted (see discussion in |25|). 

10 To give an idea of the problems one meets on the way of searching for generalization of our approach which 
might incorporate nonlinear interactions suggested in [22], let us notice that, although the consideration of |22] 
uses a purely bosonic worldline, the identification of K-symmetry with worldline supersymmetry |26 can be used to 
identify the corresponding superembedding equation. This appears to be E 1 = CiM 1 , where M r is some worldvolume 
function (oc in the notation of [22]) and Ci is the pull-back of the RR 1-superform of the type IIA supergravity 
(oc d#i,#2 — 8\d62 in the case of flat superspace considered in [22]). The problem with such a generalization of 
superembedding equation is that it is not invariant under the gauge symmetry of the RR 1-form. 



system does allow for a description in the frame of superembedding approach. It is interesting to 
check whether such a description is possible for the case of type IIB Dl (D-string) and type IIA 
D2-brane (D-membrane). lj We hope to turn to this problem in future publications. 
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